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 This paper talks about the phenomenon of recurrence and using this concept 
it proposes a novel and a very simple and user friendly method to diagnose 
the neurological disorders by using the EEG signals.The mathematical 
concept of recurrence forms the basis for the detection of neurological 
disorders, and the tool used is MATLAB. Using MATLAB, an algorithm is 
designed which uses EEG signals as the input and uses the synchronizing 
patterns of EEG signals to determine various neurological disorders through 
graphs and recurrence plots. Keywords: 
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Recurrence is a fundamental characteristic of many dynamical systems. This recurrence property is 
exploited to characterise the system’s behaviour in phase space. The concept of recurrence is used for the 
analysis of data and to study dynamical systems. It is a powerful tool for the visualisation of dynamical 
systems and analysis [1]. Human body also comprises of vital organs like brain, which produces EEG 
signals. 
These signals are highly random and dynamical in nature and are difficult to analyse by conventional 
methods as the changes occur at very short durations.Since many disorders manifest themselves in the 
patterns and synchronization of these random signals (like EEG and ECG ssignal),the concept of recurrence 
can be used to diagnose and detect several disorders by analyzing the recurrence phenomenon in biosignals. 
There are already the methods for diagnosis of neurological disorders ,but they are costly,disease 
specific i.e. a specific instrument or setup can be used to diagnose only one type of disorder,and some of 
them also require a sensor or a device to be implanted inside a human body for taking readings,which can be 
the cause of infections.Moreover ,the existing diagnostic methods also requires great expertise for taking the 
readings and analyzing them [2-4]. 
This paper gives the keen insight of the process of recurrence in human body and proposes a novel 
method to detect the neurological disorders like epileptic seizures, Alzheimer’s disease etc. The proposed 
method uses the concept of recurrence and tells the degree of coupling or synchronism between the EEG 
signals taken from various different positions from the human brain [5]. 
A parameter called the”synchronization Index”,is used to detect the recurrence patterns in the EEG 
signals from various channels of EEG machine and a graph is plotted using MATLAB. It is seen that during 
neurological disorders the synchronism between EEG signals taken from different positions of brain 
                ISSN: 2088-8708 
Int J Elec & Comp Eng, Vol. 9, No. 4, August 2019 :  2751 - 2759 
2752 
increases. This can be visualized using the graphs.This new method of diagnosing the neurological disorders 
is a simple and economic technique that eliminates the limitations of the existing techniques. 
The proposed algorithm of this paper can be used to diagnose many neurological disorders without 
any changes in setup and without putting anything inside the body for recording purpose. Moreover, 
it provides better understanding and quantitative analysis of the neurological disorder,with the help of graphs. 
1. Significance of Detection of Coupling in Biomedical System: Natural systems are typically highly 
complex, and so also are the signals derived from them. This is especially true of the cardiovascular 
system and brain, and an enormous amount of effort has been made in recent years to develop time series 
analysis for diagnostic applications, i.e., to find ways to determine the physiological state by analysis of 
the corresponding complex signals. Synchronization and related phenomena in coupled complex systems 
have been found to occur, not only in physical, but also in many biological systems, e.g., the cardio 
respiratory interaction and neural signals. Measures of complexity have been developed that distinguish 
between regular, chaotic, and random behaviors, and can try to predict a heart attack or epileptic seizure. 
It has been reported that complexity of heart and brain data can distinguish healthy and sick subjects and 
sometimes even predict heart attack or epileptic seizure. The main types of complexity parameters are 
entropies, fractal dimensions, and Lyapunov exponents. 
2. Non Linear signal processing: Depending on the nature of the systems, there are different requirements to 
the methods. While linear methods based on correlations are not sufficient to deal with nonlinear 
dependencies, most nonlinear methods require sufficiently long stationary time series. For the case that 
stationarity holds only for short observation time, cross recurrence plots (CRPs) were introduced. 
However, this method is based on taking distances of trajectories, which is conceptually difficult on 
physically different systems. A general problem in studying multivariate data from natural systems, for 
instance EEG data, is that measurement conditions change with time. Among others offset and amplitude 
range can vary differently within the channels. To overcome this problem we have consider a special 
symbolic dynamics of the system, where the time series is encoded by order patterns. This yields further 




The concept of recurrence goes back to Poincare, who proved that after a sufficiently long time, 
the trajectory of a chaotic system in phase space will return arbitrarily close to any former point of its route 
with probability one. 
 
2.1.  Types of recurrences 
The types of recurrences can be explained briefly by the Table 1. 
 
 
Recurrence Matrix Cross  Recurrence Matrix Joint Recurrence Matrix Order Recurrence Matrix 





ORP(t, τ)=1, πx(t)= πy(t + τ) 
0, otherwise 





ε=10% of the maximum value of the signal over a given interval of time 
xi, xj are the ith and  jthsample of the same signal series and Rij is the recurrence matrix 
xi,yj are two different samples of two different signal series between which recurrence needs to found and 
CRij refers to the cross recurrence 
Recurrences in Bio Medical Signals: The biomedical signals like ECG and EEG are highly random 
in nature and vary very much even in short time duration. Superficially, it   seems that there is no pattern in 
EEG signals, but when observed closely over the time limited samples which are obtained by digitizing and 
filtering one can find that, there are certain patterns of repetitions or recurrences in EEG signals taken from 
various positions of brain using EEG machine. 
The recurrence between any two time series of biomedical signals can be found by above mentioned 
methods. There are various existing methods to analyze the biomedical signals by using the concept of 
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2.2.  Decomposition model (based on coupling) 
 The form of a coupling function depends on the differing contributions from individual oscillations. 
Changes in form may depend predominantly on only one of the phases (along one-axis), or they may depend 
on both phases, often resulting in a complicated and intuitively unclear dependence. This model mainly takes 
phase into consideration, though amplitude dynamics can also be taken into consideration. The coupling 
between the various signals or the recurrences is found out and disorders are diagnosed on the basis of 
coupling strength [3-6].  
Previous coupling treatments, including the cross-frequency coupling in neuroscience, have focused 
on the net coupling in one direction. In this model, we decompose the net coupling into two components 
depending on their functional roles: the direct and the indirect couplings. Direct-coupling describes the 
influence of the direct (unidirectional) driving that one oscillator exerts on the other. Arguably, it is the most 
studied interaction in physiology, often linked to modulation mechanisms. The second component, indirect-
coupling, often called common-coupling, and depends on the shared contributions of the two oscillations. 
The indirect coupling also includes the diffusive coupling given with the phase difference terms. 
The mechanism behind this coupling component or process, although we present the model in relation to 
phase dynamics, a similar functional decomposition of the couplings can also be applied to amplitude 
dynamics. 
In terms of the general theory of phase dynamics and equation, the coupling function q1(ϕ1,ϕ2) can 
be expressed as the product of two functions [4-12] 
 
q1(ϕ1,ϕ2) =P1 (ϕ1)P2(ϕ2) 
 
where P1(ϕ1) is the phase response curve (PRC) of the first oscillator and shows how it responds to external 
perturbations, while P2(ϕ2) is the perturbation function through which the second oscillator acts on the first 
one. 
 
2.3.  Signal processing and statistical analysis 
The signals were first inspected visually, followed by automated artifact removal by interpolation. 
Data from subjects whose signals had many artifacts were disregarded and not analyzed. The cross-frequency 
intervals were estimated by standard digital filtering procedures, including a FIR filter followed by a zero-
phase digital filtering procedure to ensure that no time or phase lags were introduced by the filtering. 
The boundaries of the intervals extracted from the EEG signal were δ=0.8–4 Hz, θ=4–7.5 Hz, α=7.5–14 Hz, 
β=14–22 Hz and γ=22–100 Hz; the interval extracted from the respiration signal was r=0.145–0.6 Hz; and the 
extraction of the heart activity from the ECG signal was h=0.6–2 Hz. Wavelet power and coherence analyses, 
together with further clinical interpretation, will be presented elsewhere. For the EEG oscillations special 
care was taken in dealing with frequency spillage between intervals, heart artifacts and power line artifacts. 
Then the coupling between these obtained ECG signals and those obtained from EEG machine is studied and 
compared with the standard values of various statistical parameters, which are obtained from the healthy 
person. Following parameters can be used to study the recurrence pattern in the biomedical signals: 
a. Determinism(DET): These measures are based on the histogram P(l) of diagonal lines of length l. 
Processes with uncorrelated or weakly correlated, stochastic or chaotic behavior cause none or very short 
diagonals, whereas deterministic processes cause longer diagonals and less single, isolated recurrence 
points. Therefore, the ratio of recurrence points that form diagonal structures (of minimum length lmin) to 
all recurrence points is introduced as a measure for determinism (or predictability) of the system. 
A diagonal line of length l means that a segment of the trajectory is rather close during 1 time step to 
another segment of the trajectory at a different time; thus, these lines are related to the divergence of the 
trajectory segments. The average diagonal line length is the average time that two segments of the 
trajectory are close to each other, and can be interpreted as the mean prediction time. 
b. Measures based on vertical lines: These measures are based on the histogram P(v) of vertical lines of 
length v. The ratio between the recurrence points forming the vertical structures and the entire set of 
recurrence points is called laminarity [13]. 
The computation of LAM is realized for those v that exceed a minimal length vmin in order to 
decrease the influence of the tangential motion. LAM represents the occurrence of laminar states in the 
system without describing the length of these laminar phases. It will decrease if the RP consists of more 
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2.3. The proposed method 
The mathematical concept of recurrence is the crux of the algorithm. The EEG signals from various 
channels of EEG machine are taken as an input which will be used by the program in MATLAB. 
This program will be based on the proposed algorithm and basically compares the synchronism between the 
EEG signals of any two channels. This comparison is done by using the concept of recurrence. Second thing 
is to find the degree of recurrence which is found out by using the formula of synchronization index ρπ [14]. 
The advantage of using synchronization index in this algorithm is that it serves two purposes, firstly 
it helps in understanding the synchronization between the two signals from EEG channels and secondly it 
allows the user to find the degree of synchronization. Using the plot command of MATLAB, 
this synchronization index can be shown in form of graphs .If the graph shows increasing pattern, it shows 
high amount of synchronization between the two signals else the low synchronization. Following is the 





Figure 1. The block diagram of the proposed algorithm 
 
 
The steps of algorithm, whose block diagram is depicted as Figure 1, can be defined as follows: 
a. The signals from the channels of EEG machines are taken and put in a form of array so that it can be 
used as an input. 
b. The signals from the channels of EEG machines are taken and put in a form of array so that it can be 
used as an input in MATLAB program based on this algorithm. 
c. pie x( ) refers to the order pattern and it is found out by comparing samples by their respective values at 
different intervals. Similarly pie y (πy ) is found. 
d. Once we have the values of pie x and pie y in form of matrices next step is to find order pattern. It is 
found as follows: 
 




Next step is to find out the recurrence rate and its normalized value. This is done using the following 
formulas: 
 
 RR(τ) = ∑ R(t, τ)                      
t




⁄                    
 
 
Then finally a parameter called “synchronization index” (ρπ) is found and plotted. The formula for 
synchronization index is as follows: 
 
ρπ=1- (−




This parameter “ρπ”, when plotted between its two channels using MATLAB, will show either high, 
moderate, low or no synchronization between the signals taken from different channels of EEG. Based on the 
value of synchronization index, one can compare the synchronism between EEG signals obtained from the 
different channels from the subject’s brain. Moreover the recurrence plots are also plotted which helps in 
better understanding of synchronism between the EEG [28-30]. 
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3. RESULTS AND ANALYSIS 
Through the proposed algorithm, certain programs have been made which takes EEG signals of 
patient (from different channels of same EEG machines),as an input. Their has been a common observation 
in most of the neurological diseases that at certain point of time,the EEG signals show high degree of 
coupling or synchronization. This feature is ascertained with the help of recurrence plot and the plot of 
synchronization/coupling index to detect the disorders .The results for some of the neurological disease are as 
follows: 
a. Epileptic seizure: Using the recurrence plot  and the coupling index,one can easily detect the epileptic 
seizure and its intensity.The ORP and the coupling index graph of a person with epilepsy is shown under: 
Two EEG signals are taken from different channels as shown in Figures 2 and 3. Figure 4 shows that 
there are RP of EEG at different moments. It is found that density of black dots is diminishing as we 
move towards seizure moments and eventually RP has very rare white black dots at the seizure activity in 
Figures 5 and 6. This is also shown through recurrence rate rr (t) and coupling index ρπ in next figures. 
The increasing trend in the coupling index in Figure 5 shows high degree of coupling or synchronization 
between EEG signals taken from channels. This happens when the person is suffering from epileptic fits. 





Figure 2. EEG signal of a patient with Epilepsy 
from Channel 1 of EEG machine 
 
 
Figure 3. EEG signal of a patient with Epilepsy 










Figure 5. Synchronization index graph of above patient with epilepsy 
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Figures 6-8 shows the graph of synchronization index. The channels are the channels of EEG 
machine. EEG signals from different parts of brain are recorded using the EEG machine and then the two 
channels are taken at a time and graph is plotted. All the graphs shows the increasing trend in 
synchronization index graph and this shows that the person is having epilepsy.This instant where the graph of 





Figure 6. Coupling index graph and EEG signals of 
channel 1 and 9 
 
 
Figure 7. Coupling index graph and EEG signals of 





Figure 8. Coupling index graph and EEG signals of channel 9 and 16 
 
 
b. Bruxism: This is an involuntary activity which involves excessive grinding or clenching of teeth. This is 
also a neurological disorder and during this phenomenon, there is a high degree of phase locking or 
synchronization, hence the proposed algorithm can also be used to diagnose this disorder. In this process 
the EEG signals of the subject are taken routinely for at least a week and then using this algorithm, 
the synchronization index is plotted. The increasing trend in synchronization index ensures that the most 
probable reason out of the various reasons for teeth grinding is bruxism. The result of a patient, which is 





 Figure 9. Coupling index graph and EEG signals of channel 1 and 9  
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Using the proposed algorithm, the synchronization index graph is plotted between different channels. 
The increasing trend shows that there is a presence of high synchronization between EEG signals at 
certain interval of time. This, is case of bruxism shows the time when the subject under observation has 
started clenching the teeth involuntarily. 
c. Alzheimer’s disease: This is also a neurological disorder, which manifests itself in the phase locking or 
increased coupling between the EEG signals obtained from various regions of a patient’s brain. 
This disease is also characterized by the repetitive patterns in EEG signals that are taken from various 
channels of EEG machine.Therefore this proposed method can also be used to diagnose the Alzheimer’s 
disease by plotting the graph of synchronization index between the EEG signals obtained from different 
regions of brain. The high values of synchronization or the rising pattern of the curve proves that the 
patient has the traits of Alzheimer’s disease. Figures 10 and 11 is the result of the Alzheimer patient 
obtained by the proposed method. Two channels are taken at a time and the graph is plotted between 
them. The rising pattern of synchronization index between various channels shows that the person is 
suffering from Alzheimer disease. Likewise, other neurological diseases like autism, dementia etc, that 





Figure 10. Coupling index graph and EEG signals 
of channel 1 and 3 
 
 
Figure 11. Coupling index graph and EEG signals 





Comparison with the Decomposition Model: Decomposition model mainly focuses on finding the 
synchronism between the two or more signals using the phase ,as a parameter. Now the problem with this 
method is that phase decomposition techniques are complex and often require associated circuitry which 
increases the overall cost of the device or the machine which will use the algorithm based on this 
model.Contrary to this,the algorithhem proposed in this paper,will find the synchronism between the two 
signals by using the simple mathematical concept of recurrences.The proposed algorithm simply uses the 
generalized formula of “Synchronization Index( ρπ)”.This approach ensures that no additional circuitry is 
involved as there is no need to extract any phase related information from the signal.So this method  is cost 
effective and simple. 
Comparison with model based on signal processing and statistical analysis: The various approaches 
which use signal processing methods generally use the algorithms like KNN algorithm etc. These algorithms 
are very application specific,so suppose if they are designed for a specific application, like for detecting 
epileptic seizure, then if that same method is used for finding say, Alzheimer, then lot of changes needs to be 
done in source codeand source program.But if we use thesynchronization index as a parameter to find the 
neurological disorder,it will serve as a uniform and generalized method,which can be used to detect any 
neurological disorder that manifest itself in the synchronization of signals. Similarly, if we compare the 
proposed algorithm with methods based on statistical analysis,we will see that methods based on statistical 
analysis use various parameters like determinism, laminarity etc to determine synchronism, while the 
proposed algorithm only uses a single parameter “synchronization Index”, so obviously the latter approach is 
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5. CONCLUSION 
To conclude, this method altogether presents a new approach for detection of neurological diseases 
that have certain degree of coupling or phase locking between them. Since the concept of order patterns is 
used which only compares the discrete values and creates a matrix of one and zero, the error probability in 
this method is very low. Secondly, the algorithm used in this method is robust and not disease specific and it 
can be use to detect any neurological disorder that manifest itself in EEG signals. Moreover, this method is a 
non invasive method so the chances of any kind of infection is nil. This method also paves the way for 
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